Two new humulene-type sesquiterpenes, named hyptishumulene I (1) and II (2), have been isolated, together with eight known compounds, a humulene-type sesquiterpene (3), a monoterpene (4) and six abietane-type diterpenoids (5-10) from the aerial parts of Hyptis incana (Labiatae). The cytotoxic activity of the isolated compounds against mouse leukemia cells (L1210) was examined. The abietane-type diterpenoids (5-10) showed rather potent growth inhibitory activity (IC 50 <15 μM), while the new humulene-type compounds (1 and 2) exhibited moderate activity (IC 50 >50 μM).
Hyptis incana
Willd. ex Steudel (Labiatae, local name in Brazil: Salva do Marajo) is distributed widely throughout the Amazon area in South America. The plant has been used by native people as a tonic, to control perspiration, and to treat acne [1] . During the course of our studies on the isolation of biologically active substances from South American medicinal plants [2, 3] , we investigated the cytotoxic activity of alcohol extracts of this plant and found that the extracts exhibited potent growth inhibitory activity against leukemia cells (L1210). In this paper, we describe the isolation from H. incana, structure elucidation and growth inhibitory activity of two new humulene-type sesquiterpenes, named hyptishumulene I (1) and II (2) , along with eight known compounds, a humulene-type sesquiterpene (3) , which was isolated from Torilis japonica [4] and the red alga Laurencia lobata [5] , a monoterpene (4) [6] , six abietane-type diterpenes {7-methoxyrosmanol (5) [7] , 7-ethoxyrosmanol (6) [7] , rosmanol (7) [7, 8] , epirosmanol (8) [8] , isorosmanol (9) [8] and safficinolide (10) [9] }.
The dried aerial parts of H. incana were extracted with 80% EtOH. The crude extract was fractionated on a Diaion HP-20 column eluted successively with H 2 O, 40%MeOH, 70%MeOH, MeOH, and acetone. The growth inhibitory activity of each fraction against L1210 cells was tested, and the 70%MeOH and MeOH fractions (>90% inhibition at the concentration of 50 μg/mL) were found to exhibit potent activities. Compounds (1-10) were isolated from these fractions by purification using silica gel chromatography and HPLC ( Figure 1 ). The presence of the sec-alcohol groups was further confirmed by acetylation. Treatment of 1 with acetic anhydride-pyridine gave a diacetate whose oxymethine proton signals showed acetylation shifts (δ H 4.06→ δ H 4.77, δ H 4.41→ δ H 5.44). Connectivity of these functional groups was investigated by measuring the heteronuclear multiple bond coherence (HMBC) spectrum.
As shown in Figure 2 , the proton signals at δ1.16 and δ0.98 assignable to a geminal dimethyl group (C-12 and -13) showed correlations with carbon signals at δ 141.5 (C-11), δ 36.0 (C-1) and δ 49.7 (C-2), suggesting the connectivity from C-10 to C-2 through C-1. The vinyl methyl proton signal at δ H 1.73 (H-14) exhibited long-range correlations with the carbon signals at δ C 138.3 (C-4), 122.8 (C-5) and δ C 67.3 (C-3), which showed the cross peaks with the proton signals at δ H 1.45 and 1.85 (H-2). These results indicated the presence of the C-3-C-5 sequence, including the vinyl methyl group at C-14 and the connectivity of C-3 and C-2. In addition, the HMBC spectrum of 1 showed correlations between the proton signal at δ H 4.06 (H-7) due to the other sec-alcohol group and the carbon signals at δ C 122.8 (C-5), 35.3 (C-6), δ C 113.2 (C-15) and δ C 149.6 (C-8), which, in turn, correlated with the proton signals at δ H 2.66 and 2.98 (H-9) and at δ H 5.39 (H-10). Thus, the structure of 1 was deduced to be a humulene-type sesquiterpene ( Table 1 ).
The stereostructure of 1 was investigated by analysis of its nuclear Overhauser effect enhancement (NOE) difference spectra. As shown in Figure 3 , the proton signal at δ 1.73 (H-14), due to a vinyl methyl group, showed a cross peak with the vinyl proton signal at Figure 3 . The structure of 1 was also supported by it being the most stable (Figure 3 ', minimized energy: 13.2963 kcal/mol) by molecular mechanics calculation (MM2) [11] . The 1 H-and 13 C-NMR spectra of 2 were very similar to those of 1, except for a few differences (Tables 1). The spectral data indicated that 2 should be a stereoisomer of 1. Comparison of the NOESY spectra of 1 and 2, showed that the H-5 signal (δ 5.09) of 2 had cross peaks with H-3 (δ 4.13) and H-6β (δ 2.14), while the corresponding signal (δ 5.11) of 1 exhibited correlations with H-7 (δ 4.06) and H-14 (δ 1.73). These results indicated that the C (4) -C (5) double bond of 2 is the E-form. In addition, the β-orientation of the hydroxy group at C-7 was confirmed by observation of NOE correlations between H-7 and H6, H-9 as well as the NOEs shown in Figure 4 . Thus, the structure of 2 was represented as shown in Fig. 1 . The structures of compounds 3-10 were identified by comparison of their spectral data with those described in the literature.
Growth inhibitory activity:
The effects of the isolated compounds (1-10) on the growth of leukemia cells (L1210) were examined. The abietane-type diterpenoids (5-10) showed rather potent growth inhibitory activity (IC 50 <15 μM), while the new humulene-type Humulene-type sesquiterpene from Hyptis incana Natural Product Communications Vol. 8 (12) 2013 1667 compounds (1 and 2) exhibited moderate activity (IC 50 >50 μM) ( Table 2 ). Compounds 5-9 induced apoptosis of neuroblastoma cells [12] . 
Acetylation of hyptishumulene I (1):
A mixture of 1 (1 mg) and five drops (large excess) of acetic anhydride in pyridine (0.5 mL) was allowed to stand for 12 h at room temperature. The mixture was poured into water and then extracted with AcOEt (10 mL). The AcOEt solution was washed with brine (10 mL x 2), dried over Na 2 SO 4 and concentrated in vacuo to give an acetate (1 mg). 
Cytotoxicity assay:
The effects of isolated compounds on the growth of leukemia cells (L1210) were investigated as follows. Cells were suspended in RPMI 1640 medium (NISSUI) containing 1% kanamycin sulfate, 10% fetal bovine serum, and supplemented with L-glutamine. Cells were plated in a 96-well microplate (100 μL/well) at a density of 3.0 × 10 4 cells/well. After incubating the plate for 24 h at 37°C in a humidified 5% CO 2 atmosphere, compounds 1-10 in MeOH (2 μL/well) at various concentrations (n = 5) were added and the plate was incubated for an additional 48 h under the same conditions. Control wells (n = 5) containing the same volume of MeOH (2 μL/well) were incubated in each assay. Ten µL of Cell Counting Kit-8 [13, 14] was added to each well, then, the microplate was incubated for 3 h in a 5% CO 2 atmosphere at 37°C. The absorbance (A) of each well was measured at 450 nm using a Microplate reader (MTP-450, Corona Electric). The percent inhibition was calculated by comparing A control and A treated . inhibition (%) = (1 -A treated-blank / A control-blank ) × 100
